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Abstract: Enclosed dc power circuit breakers of the stationary or drawout 32 type of one- or two-
pole construction with one or more rated maximum voltages of 300 V, 325V, 33 600 V, 800 V,
1000 V, 1200 V, 1600 V, or 3200 V for applications on dc systems having nominal 34 voltages of
250V, 275V, 500 Vv, 750 V, 850 V, 1000 V, 1500 V, or 3000 V, with general-purpose, 35 high-
speed, semi-high-speed and rectifier circuit breakers; manually or power-operated; and with 36 or
without electromechanical or electronic trip devices are covered in this standard. Service
conditions, ratings, 37 functional components, temperature limitations and classification of
insulating materials, dielectric 38 withstand voltage requirements, test procedures, and
application are dealt with in this standard.

Keywords: current-limiting, direct-acting trip, general purpose, high-speed, IEEE C37.14™,
impulse trip device, mining duty, reverse-current trip device, semi-high-speed or rectifier circait
breaker
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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE documents are made available for use subject to important notices and legal disclaimers. These
notices and disclaimers, or a reference to this page, appear in all standards and may be found under the
heading “Important Notice” or “Important Notices and Disclaimers Concerning IEEE Standards
Documents.”

Notice and Disclaimer of Liability Concerning the Use of IEEE Standards
Documents

IEEE Standards documents (standards, recommended practices, and guides), both full-use and trial-usc. arc
developed within IEEE Societies and the Standards Coordinating Committees of the IEEE Sta:dail's
Association (“IEEE-SA”) Standards Board. IEEE (“the Institute) develops its standar’s {.roug: a
consensus development process, approved by the American National Standards Institute (“A3I7),  nich
brings together volunteers representing varied viewpoints and interests to achieve the final product.
Volunteers are not necessarily members of the Institute and participate without compensa.ion from IEEE.
While IEEE administers the process and establishes rules to promote fairness in the censenc 3 development
process, IEEE does not independently evaluate, test, or verify the accuracy of any ~f the infor mation or the
soundness of any judgments contained in its standards.

IEEE does not warrant or represent the accuracy or content of the material co. taired in its standards, and
expressly disclaims all warranties (express, implied and statutory) nnt included in this or any other
document relating to the standard, including, but not limited to, the wor ~nties of: merchantability; fitness
for a particular purpose; non-infringement; and quality, accuracy, <iiecti.2ness, currency, or completeness
of material. In addition, IEEE disclaims any and all conditions rele‘ing .o: results; and workmanlike effort.
IEEE standards documents are supplied “AS IS” and “WITh AL, FAULTS.”

Use of an IEEE standard is wholly voluntary. The existe’ice of «a IEEE standard does not imply that there
are no other ways to produce, test, measure, purchase, m.ke, or provide other goods and services related
to the scope of the IEEE standard. Furthermore, the viewpoint expressed at the time a standard is approved
and issued is subject to change brought about thrugh developments in the state of the art and comments
received from users of the standard.

In publishing and making its standards a ai'able, IEEE is not suggesting or rendering professional or other
services for, or on behalf of, any persc» o1 >ty nor is IEEE undertaking to perform any duty owed by any
other person or entity to another. An s pe.-on utilizing any IEEE Standards document, should rely upon his
or her own independent judgmen. in the exercise of reasonable care in any given circumstances or, as
appropriate, seek the advice of ‘a_competent professional in determining the appropriateness of a given
IEEE standard.

IN NO EVENT SHALL \ZEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR “GONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO:
PROCUREMELTT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS;
OR BUCINE.'S I 'TERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY,
WHETHERK IN" CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR
OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE
UPON ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND
KIGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE.

Translations

The IEEE consensus development process involves the review of documents in English only. In the event
that an IEEE standard is translated, only the English version published by IEEE should be considered the
approved IEEE standard.
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Official statements

A statement, written or oral, that is not processed in accordance with the IEEE-SA Standards Board
Operations Manual shall not be considered or inferred to be the official position of IEEE or any of its
committees and shall not be considered to be, or be relied upon as, a formal position of IEEE. At lectures,
symposia, seminars, or educational courses, an individual presenting information on IEEE standards shall
make it clear that his or her views should be considered the personal views of that individual rather than the
formal position of IEEE.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardles. of
membership affiliation with IEEE. However, IEEE does not provide consulting information or ad'vicc
pertaining to IEEE Standards documents. Suggestions for changes in documents should be in e tcxm of a
proposed change of text, together with appropriate supporting comments. Since IEEE standards 1 ~oresent a
consensus of concerned interests, it is important that any responses to comments and quest ons also receive
the concurrence of a balance of interests. For this reason, IEEE and the members ‘€ il societies and
Standards Coordinating Committees are not able to provide an instant response to co.nment: or questions
except in those cases where the matter has previously been addressed. For the samc rea:un, 1EEE does not
respond to interpretation requests. Any person who would like to particinite :n revisions to an IEEE
standard is welcome to join the relevant IEEE working group.

Comments on standards should be submitted to the following address:

Secretary, IEEE-SA Standards Board
445 Hoes Lane
Piscataway, NJ 08854 USA

Laws and regulations

Users of IEEE Standards documents should.co.su® all applicable laws and regulations. Compliance with
the provisions of any IEEE Standards decument does not imply compliance to any applicable regulatory
requirements. Implementers of the stanc27d ¢re responsible for observing or referring to the applicable
regulatory requirements. IEEE does no. by wie publication of its standards, intend to urge action that is not
in compliance with applicable laws, a1d ti.ese documents may not be construed as doing so.

Copyrights

IEEE draft and apprcvel staxdards are copyrighted by IEEE under U.S. and international copyright laws.
They are made availale b s IEEE and are adopted for a wide variety of both public and private uses. These
include both use, by reicrence, in laws and regulations, and use in private self-regulation, standardization,
and the prom<tioi. of engineering practices and methods. By making these documents available for use and
adoption kv public authorities and private users, IEEE does not waive any rights in copyright to the
documents.

2hoiacopies

Jubject to payment of the appropriate fee, IEEE will grant users a limited, non-exclusive license to
photocopy portions of any individual standard for company or organizational internal use or individual,
non-commercial use only. To arrange for payment of licensing fees, please contact Copyright Clearance
Center, Customer Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400. Permission
to photocopy portions of any individual standard for educational classroom use can also be obtained
through the Copyright Clearance Center.
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Updating of IEEE Standards documents

Users of IEEE Standards documents should be aware that these documents may be superseded at any time
by the issuance of new editions or may be amended from time to time through the issuance of amendments,
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the
document together with any amendments, corrigenda, or errata then in effect.

Every IEEE standard is subjected to review at least every ten years. When a document is more than ten
years old and has not undergone a revision process, it is reasonable to conclude that its contents, although
still of some value, do not wholly reflect the present state of the art. Users are cautioned to check to
determine that they have the latest edition of any IEEE standard.

In order to determine whether a given document is the current edition and whether it has been ame. deu
through the issuance of amendments, corrigenda, or errata, visit the IEEE-SA Website ot
http://iecexplore.ieee.org/xpl/standards.jsp or contact IEEE at the address listed previous'y. \’or n.ore
information about the IEEE-SA or IEEE’s standards development process, visit the IEEE-S:x Wevucite at
http://standards.ieee.org.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE-SA Web-ite u" t'ie following URL:
http://standards.ieee.org/findstds/errata/index.html. Users are encouraged tc check this URL for errata
periodically.

Patents

Attention is called to the possibility that implementation of this sta..4»>d may require use of subject matter
covered by patent rights. By publication of this standard, no posi.'on is taken by the IEEE with respect to
the existence or validity of any patent rights in connectica therc vith. If a patent holder or patent applicant
has filed a statement of assurance via an Accepted Lette. of '(ssurance, then the statement is listed on the
IEEE-SA Website at http://standards.ieee.org/about/sasb/patcom/patents.html. Letters of Assurance may
indicate whether the Submitter is willing or u. willing to grant licenses under patent rights without
compensation or under reasonable rates, with rexsanable terms and conditions that are demonstrably free of
any unfair discrimination to applicants desi=ing * obtain such licenses.

Essential Patent Claims may exist for vhich.« Letter of Assurance has not been received. The IEEE is not
responsible for identifying Essentia. Pavnt Claims for which a license may be required, for conducting
inquiries into the legal validity o1 :~0 e of Patents Claims, or determining whether any licensing terms or
conditions provided in connection with submission of a Letter of Assurance, if any, or in any licensing
agreements are reasonablc . non-discriminatory. Users of this standard are expressly advised that
determination of the validy v of any patent rights, and the risk of infringement of such rights, is entirely
their own responsibi'ity. 1 irther information may be obtained from the IEEE Standards Association.
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Introduction

This introduction is not part of IEEE Std C37.14™-2015, IEEE Standard for DC (3200 V and below) Power Circuit
Breakers Used in Enclosures.

IEEE Std C37.14-1979 superseded IEEE Std C37.14-1969, and included recognition of the widespread use
of solid-state rectifiers in industry, particularly for the traction power systems that evolved in the 1970s. It
was based on known applications as well as considerations for future system development, with basic
ratings and tests evolving from the classic mathematical solutions available at the time.

The revision working group for IEEE Std C37.14-1992 concluded that certain major changes wei >
necessary. One of the changes made was the replacement of the 1200 V maximum design rating, wiw. a
new 1000 V rating. Dielectric withstand test voltages were correspondingly increased.

The revision working group maintained the peak-current multiplier of 1.65 times the sustainc.' current,
even though it can be shown that a multiplier of 1.42 can be utilized for 12-pulse 1 ctifier designs.
However, since the 6-pulse rectifier designs can produce the 1.65 peak, and because v uiknown future
applications with additional and/or replacement circuit breakers, it was preferred to. ma, tain te 1.65 value.

Rated peak current was maintained as a rating because depending on ti.= tra. sformer/rectifier-design
impedance coupled with the primary short-circuit current capacity and a lowc: <¢ inductance, it may be
possible to obtain a higher peak current and/or sustained current, Jep¢nding on conditions. This design
combination should be investigated to prevent inadvertent applicatict “¢f circuit breakers above their
ratings.

Some considerations that were addressed in the IEEE Std C3, 14-.992 revision are as follows:

a) The need for lower rated circuit breakers for ligh. du’y transit systems, which are generally 800 V
catenary surface systems, was recognized. The power requirements are approximately one-half
those of a heavy-duty transit system. v:ith <he rectifier circuit breakers requiring maximum
continuous current ratings of 4000 A and 1o+ der circuit breakers with proportionately lower ratings.
Tables 12 and 12A were replaced iu.- new Table 12 in ANSI C37.16a, which was revised to
reflect a reduced base rating of < 050 "W in order to provide a lower level of design rated circuit
breakers, which allows the use «f dcsigns differing from those utilized for heavy-duty systems.

b) The question of rectific..ard feeder circuit breakers being rated identically was previously
addressed in the IEE™. € 37.14-1979 appendix, but this was now recognized and addressed in the
body of the standrrd. spe_ific installation applications normally differentiate rating requirements
between rectifier a.d feeder circuit breakers in the reverse/forward-current tripping modes, as well
as in the shor -ti1. =/n.omentary rating modes. Therefore, it is important to recognize this difference
in rating struc. 'res to provide for realistic design ratings and testing.

¢) The disigns of high-speed and semi-high-speed circuit breakers with two different rating/test tables
were ¢ uceptually reviewed, and recognition of actual field application conditions forced a concept
chane. A given track system should produce given short-circuit currents and circuit stored-energy
at various locations regardless of circuit breaker type applied. Thus, there is a need for only two
ables: one for low frequency, and one for high-frequency impedance bonds. Actually, the high-
sheed type circuit breaker is truly current-limiting by limiting let-through current to less than the
available (prospective) peak in all cases. The semi-high-speed type is “semi-current-limiting,”
limiting let-through current to less than the sustained current in all cases except in allowing the
maximum peak current available to flow on low-inductance (close-in) faults.

IEEE Std C37.14-1999 reestablished the 1200 V maximum design rating, and removed the 1000 V
maximum design rating, while keeping the increased dielectric withstand voltages. This change recognized
the existence of installed 1200 V maximum design rated systems and also maintained a more uniform

viii
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division between steps of preferred maximum design ratings. IEEE Std C37.14-1999 also clarified
endurance design test requirements in order to eliminate confusion on the number of electrical operations
required. There is a specific requirement to perform one group of no less than 120 consecutive close-open
operations during electrical endurance testing.

IEEE Std C37.14-2002 again reestablished the 1000 V maximum design rating, while also retaining the
1200 V rating, in order to recognize the recent development and use of 1000 V maximum-design rated
circuit breakers. Corresponding changes were made by NEMA to Table 11 and Table 11A of
ANSI C37.16-2000, which established the preferred ratings for low-voltage power circuit breakers.
Dielectric withstand test voltages were also relaxed for the 800 V and 1000 V maximum design ratings so
as to differentiate from the 1200 V rating.

Another consideration of IEEE Std C37.14-2002 was that any dc circuit breaker shall be capable of
handling all short-circuit conditions based on the speed of operation, current interrupted, and circuit energy
interrupted as verified by the short-circuit test “a,” test “b,” test “c,” and test “d” of Table 11, Table 11A,
and Table 12 in ANSI C37.16-2000. It was noted for comparison that ac low-voltage power circuit breakers
are required by ANSI C37.50-1989 to be tested in four (4) sequences for certification/conformance. Similar
analysis of required testing resulted in the assignment of two (2) sequences in IEEE Std C37.14-1992
standard.

IEEE Std C37.14-2002 acknowledged that depending on transformer/rectifier design impedance coupled
with primary short-circuit current capacity and a low dc inductance, it may be possible to obtain a higher
peak current and/or sustained current under certain conditions. This design combination needs to be
properly investigated and applied to prevent overrating of all circuit breakers that cannot be rated higher
than the rated peak and sustained currents listed in the preferred rating tables in ANSI C37.16-2000.

The working group for the present revision undertook another significant evolution of this standard. Some
of the most significant considerations were as follows:

a)  General-purpose dc ratings were capped at 325 V in previous editions. In recent years, many
additional dc applications have risen for voltages between 325 V and 1500 V. This revision
addresses these voltages, and associated requirements, which has resulted in a number of
requirements throughout the document.

b) The preferred ratings, as applicable to dc power circuit breakers, have been incorporated from
IEEE Std C37.16™, as IEEE Std C37.16 will be withdrawn when IEEE Std C37.13™ and
IEEE Std C37.14 have been revised to incorporate the information previously included within IEEE
Std C37.16. This resulted in significant restructuring of the document:

1) A new clause has been introduced with preferred frame sizes.

2)  Preferred ratings have been introduced to “Ratings,” eliminating the references to IEEE
Std C37.16. This also led to the inclusion of requirements regarding control voltages.

3) The application specific preferred ratings and test conditions have been added as additional
annexes, with one annex for general-purpose, and an additional annex for high-speed, semi-
high-speed, and rectifier circuit breakers for use in traction power applications.

4) The preferred rating table describing the preferred overcurrent performance of high-speed,
semi-high-speed, and rectifier circuit breakers for use in systems with high frequency bonds
had initially been removed. High or low frequency bonds is not a rating, but an application
condition, and therefore it was open-ended as to which table was to be used for conformance
testing. The working group considered the low frequency bonding to be the worst case
application, but due to the prevalence of circuit breakers qualified in accordance to the test
circuits for high frequency bonding, both the low frequency bonding tables and the high
frequency bonding tables were retained, with the additional marking requirement for inclusion
of the test circuit’s load circuit time constant on the nameplate.

X
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¢)

d)

2

Clarifications have been made with regard to required functional components. The most significant
changes are:

1) Dependent-manual operation has been removed as a preferred construction type based on
working group concerns about testing (dependence of speed of operation) and because
dependent-manual operation is inconsistent with general recommended safety practices.

2) At the request of users, it is now required that for drawout circuit breakers, primary
disconnect assemblies shall be located on the drawout (removable) element for inspection and
maintenance purposes. This philosophy is consistent with the ac power circuit breakers
described in IEEE Std C37.13.

3) Requirements for bonding of metallic components that are intended to be grounded for
operator safety conditions have been added. Consideration has been given for applications
where the intended application may or may not actually be directly connected to ground.

Requirements have been added for flame resistance, thermal characteristics, and tracking resistance
of insulating materials both in contact and not in contact with primary voltage.

With the increased application of solid state trip systems in dc applications, additional testing
considerations were added for solid state trip systems. A new test sequence has been added for
determining resistance to electromagnetic interference, and surge withstand capability.

Qualification of accessory devices has been added in this version, including auxiliary switches and
undervoltage trip devices.

With consideration that many dc power circuit breakers are third party certified, and of customer
requirements for product performance test data, a new clause has been added for production
monitoring and product retest requirements.

This standard represents the standard practice in the United States for dc power circuit breakers.
Molded-case circuit breakers are covered by other standards, but in some instances may be able to meet the
requirements of this standard.

Presently, there are no IEC standards that fully apply to dc power circuit breakers. Several IEC standards
apply in part to dc power circuit breakers:

a)

b)

IEC 60947-2 [B3]* applies to industrial circuit breakers with rated voltages which do not exceed
1000 vac or 1500 vdc.

Circuit breakers for traction applications are addressed by two IEC standards: IEC 60077-3 [B2]
(dc circuit breakers installed on motive power units), and IEC 61992-2 [B4] (dc circuit breakers
installed in fixed locations).

# The numbers in brackets correspond to those of the bibliography in Annex A.

X
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IEEE Standard for DC (3200 V and
below) Power Circuit Breakers Used in
Enclosures

IMPORTANT NOTICE: IEEE Standards documents are not intended to ensure safety, security, health,
or environmental protection, or ensure against interference with or from other devices or networks.
Implementers of IEEE Standards documents are responsible for determining and complying with all
appropriate safety, security, environmental, health, and interference protection practices and all
applicable laws and regulations.

This IEEE document is made available for use subject to important notices and legal disclaimers.
These notices and disclaimers appear in all publications containing this document and may
be found under the heading “Important Notice” or “Important Notices and Disclaimers
Concerning IEEE Documents.” They can also be obtained on request from IEEE or viewed at
http://standards.ieee.org/IPR/disclaimers. html.

1. Overview

1.1 Scope

This standard covers the following types, preferred ratings, and testing requirements of enclosed dc power
circuit breakers:

a)  Stationary or drawout type of one- or two-pole functional construction
b) Having rated maximum voltages of up to 3200 V
¢) Manually operated or power operated

d)  With or without overcurrent trip devices

NOTE—In this standard, the use of the term “circuit breaker” is considered to mean “enclosed dc power
circuit breaker.”"

! Notes in text, tables, and figures of a standard are given for information only, and do not contain requirements needed to implement
the standard.
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